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As mRNAs are generated, they are clothed with proteins to form messenger ribonucleoprotein
particles (mRNPs), which are then actively remodeled during various steps of gene expression.
Franks et al. (2010) now show that mRNP remodeling is required even for the death of an mRNA.Although we tend to sketch mRNAs as
naked molecules, they are rapidly assem-
bled into messenger ribonucleoprotein
particles (mRNPs) during transcription.
Proteins and protein complexes such as
the cap-binding complex, exon junction
complex, and nuclear poly(A)-binding
protein are specifically deposited on the
nascent transcript (Figure 1). Each of
these factors has the capacity to influence
downstream events such as mRNA
export and translation, and failure to
assemble an appropriate mRNP may
result in its decay through nuclear surveil-
lance pathways. Despite the ordered and
precise assembly of nuclear mRNPs,
these complexes are rather transient, as
by the time the transcript is being actively
translated in the cytoplasm, it has a very
different array of proteins associated
with it. The nuclear cap-binding complex
has been replaced by the translation
initiation factor eIF4E and its associated
proteins, the poly(A) tail is now bound
exclusively to the cytoplasmic poly(A)-
binding protein, and, at least for normal
mRNAs, exon junction complexes have
dissociated and returned to the nucleus.
Moreover, as an mRNA comes to theend of its useful life, the mRNP must be
completely disassembled to allow recy-
cling of its components. Several recent
studies have suggested that many of
these dramatic changes in the mRNP
can be modulated through posttransla-
tional modification and RNA chaperone
activity. However, the mechanism by
which mRNPs are finally undressed to
allow degradation of the mRNA has until
now remained a mystery.
In this issue, Franks et al. (2010)
uncover a role for the ATPase activity of
the nonsense-mediated decay (NMD)
factor hUPF1 in remodeling the mRNP to
allow 50-30 exonucleolytic decay of an
mRNA fragment. NMD is a well-charac-
terized mechanism that recognizes
mRNAs bearing premature termination
codons and can trigger an endonucleo-
lytic cleavage close to the site of prema-
ture translation termination. For this and
many other decay events, it had been
assumed that the 50-30 exonuclease
XRN1 and 30-50 exosome activity simply
displace any associated proteins as they
plough through the transcript. The work
from the Lykke-Andersen lab suggests
that exonucleolytic decay, at least the50-30 pathway, is not as robust as once
presumed. In fact, they show that XRN1
requires that UPF1 hydrolyze ATP in order
to dissociate other RNA binding factors
before it can act on the 30 fragment.
When UPF1 ATPase activity is impaired,
XRN1 fails to efficiently degrade the
mRNA and the fragment accumulates
along with its associated proteins, which
are then no longer available to bind other
transcripts. The authors further show
that granular structures known as pro-
cessing bodies (P bodies) may be the
location where improperly dressed
mRNPs are held. In addition, undegraded
RNA fragments could become substrates
for the rather mysterious process of cyto-
plasmic recapping (Otsuka et al., 2009) in
which the 50 monophosphate of the RNA
fragment is replaced with a methylated
cap structure. This may allow translation
of novel downstream open reading
frames or may result in sequestration of
translation initiation factors that could
dramatically impact the expression of
many other genes.
Although the hUPF1 protein has been
known to be essential for NMD for a long
time, the precise role of its ATPase activityecember 10, 2010 ª2010 Elsevier Inc. 863
Figure 1. A Model for the Generic Remodeling that Takes Place
during the Life Span of an mRNA
Upon synthesis and nuclear RNA processing, a variety of proteins are loaded
onto anmRNA, including the nuclear cap-binding complex (CBC) at the 50 end,
the exon junction complex (EJC), and the poly(A)-binding proteins NAB2,
PABPN1, and PABPC1. During passage through the nuclear pore, proteins
such as DBP5 and TOM1 remove specific proteins from the mRNA, including
NAB2. Prior to translation, additional remodeling of the mRNP occurs,
including exchange of the CBC on the cap with eiF4E. The assembly of trans-
lation factors and movement of the ribosome on the transcript during protein
synthesis cause extensive remodeling of the mRNP. Finally, mRNAs targeted
for decay become associated with a variety of regulatory decay factors and
often lose proteins from their 50 cap and 30 poly(A) tail prior to and during degra-
dation by decapping factors (DCP1/2), deadenylases, and exonucleases
(XRN1 and the exosome).wasnot clear. These newfind-
ings put hUPF1 in the com-
pany of other ATPases such
as DBP5 and RCK/p54/
DHH1, which have also been
implicated in mRNP remodel-
ing events. In Saccharomyces
cerevisiae, Dbp5p is required
to displace the Nab2p RNA-
binding protein from the
mRNA as it exits the nuclear
pore (Tran et al., 2007). Of
interest, in this case, ATPase
activity is not required; the
ADP-bound form of Dbp5p is
able to displace Nab2p. The
role of DHH1, another RNA
helicase, is comparatively
poorly understood, but it
appears to be essential for
allowing an mRNA to cease
translation and either become
translationally silent or under-
go decay. This likely involves
a significant amount of
mRNP remodeling, but the
factors and mechanisms in-
volved are yet to be
characterized.
There are a number of other
ways in which mRNPs can be
undressed to make way for
subsequent RNA processing
events, including competitive
displacement and posttrans-
lational modification. For ex-
ample, in yeast, the export
licensing factor Yra1 must be
dislodged from the mRNA
and recycled prior to translo-
cation at the nuclear pore.
Yra1 is ubiquitinated by the
nuclear pore-associated li-
gase Tom1, causing it to
dissociate from the mRNP(Iglesias et al., 2010). Soon after export,
nuclear cap and poly(A)-binding proteins
are replaced with their cytoplasmic coun-
terparts, and though translation is known
to be required for this exchange, it is not
clear whether specific cofactors are
required (Hosoda et al., 2006). In contrast,
the nuclear cap-binding complex is dis-
placed from the mRNA cap in a transla-
tion-independent manner once the
mRNA enters the cytoplasm. This occurs
through interaction of the CBP20 subunit
of the complex with importin-b, which864 Cell 143, December 10, 2010 ª2010 Elseseverely reduces its affinity for the mRNA
cap and results in its dissociation from
the mRNA, allowing eIF4E to replace it
(Dias et al., 2009). Finally, during the first
round of translation, the exon junction
complex must be stripped from the
mRNA in order to allow passage of the
ribosome. Even though the ribosome has
a huge size advantage as it traverses the
mRNA, it appears that a specific protein,
PYM, is still necessary for effective re-
moval of the complex. PYM binds to both
the ribosome and components of thevier Inc.exon junction complex and
induces its dissociation
through an uncharacterized
mechanism (Gehring et al.,
2009).
One interesting conclusion
that can be drawn from the
findings of Franks et al. is
that XRN1 does not aggres-
sively attack every 50 mono-
phosphorylated RNA but, at
least in some cases, must be
licensed or assisted. This is
supported by the existence
of intermediates generated
by the failure of XRN1 activity
to degrade other potential
substrates, including poly(G)
tracts or the 30 untranslated
region of flavivirus transcripts
(Silva et al., 2010). Why then
would the processive XRN1
exonuclease need additional
factors in order to degrade
a substrate? In the case of
poly(G) tracts and the flavivi-
rus transcripts, it seems that
strong secondary structure
blocks the enzyme, as it is
unable to proceed through
these regions even in recon-
stituted reactions containing
just RNA and XRN1. In this
case, cofactors could act to
destabilize the structure and
allow XRN1 to process the
transcript. In other instances,
proteins associated with the
RNA could sterically block
the enzyme, perhaps by con-
cealing the free 50 end. RNA
chaperones like hUPF1 may
dissociate these inhibitory
factors, allowing decay to
proceed. Finally, it is possiblethat XRN1 associates with the target, but
RNA refolding is required to allow it to
access the free 50 end. This type of regula-
tion occurs during processing of the yeast
18S ribosomal RNA, whereby the Nob1
endonuclease associates with the tran-
script but cannot cleave until subsequent
structural rearrangements are complete
(Granneman et al., 2010). Whichever of
thesemechanisms turns out to be correct,
one thing remains clear: undressing an
mRNA molecule is not as simple as we
once thought.
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Being at the right place and time is as fundamental to biology as it is to academic careers. In this
issue, Moravcevic and colleagues (2010) survey membrane-interacting proteins in yeast and
discover a new membrane-targeting module, the kinase associated-1 domain KA1, which ensures
that proteins are active at the correct place and time.Proteins and their associated activities
must be tightly regulated in cells, both
spatially and temporally. Binding interac-
tions are a common mechanism for local-
izing proteins to their target sites, usually
through protein-protein or protein-lipid
interactions. Despite the absolute impor-
tance of protein-lipid contacts, themolec-
ular basis of these regulatory interactions
remains largely obscure, as underscored
by a study that used yeast proteome chips
to identify over 100 membrane-binding
proteins,noneofwhichcontainedaknown
lipid-interacting domain (Zhu et al., 2001).
In this issue of Cell, Moravcevic and
colleagues analyze these membrane-
binding proteins and identify a new
membrane-interacting domain in septin-
associated kinases. They demonstrate
that this domain cooperates with protein-
protein interactions to target septin-asso-
ciated kinases to their site of action in
yeast. Unexpectedly, structural analysis
of the domain shows a kinase associ-
ated-1 (KA1) fold, which is also present in
MARK/PAR1 kinases (microtubule-asso-
ciated protein affinity-regulating/partition-
ing-defective 1 kinases).However, the roleof KA1 domains in direct membrane tar-
geting was not fully appreciated until now.
Lipid-binding modules target proteins
and their associated activities to
membranes. To date, more than a dozen
membrane-interacting domains have
been identified, and several common
themes for lipid interactions are becoming
apparent (Lemmon, 2008). In general,
membrane-binding domains can either
recognize specific structural features of
headgroups on lipids, as illustrated by
the binding of FYVE, PH, and PX domains
to phosphoinositides, or recognize more
general physical properties of the mem-
brane, such as its charge and/or shape,
as is the case for annexins and BAR and
C2 domains (Lemmon, 2008). These
stereospecific and electrostatic interac-
tions frequently cooperate with hydro-
phobic penetration into the membrane to
stabilize binding by a single domain.
Nevertheless, the presence of other
protein- or lipid-binding elements in multi-
domain proteins can further modulate
targeting, and this cooperativity is often
required for proper membrane localiza-
tion of a protein.To identify new membrane-binding
motifs, Moravcevic and colleagues
examine 62 of the 128 proteins that were
previously shown to bind phosphoinositi-
des in yeast (Zhu et al., 2001). Using both
cellular and in vitro assays, they find that
21 of these proteins bind membranes.
For five of these proteins, truncation
mutants pinpoint a specific region in the
protein involved in membrane targeting,
suggesting the presence of new mem-
brane-bindingmodules. The authors focus
on one of these proteins, the septin-asso-
ciated kinase Kcc4p.
Septin-associated kinases are re-
quired for bud formation in the dividing
yeast cell. The kinases localize to the bud
neck where they regulate the degradation
of the mitotic inhibitor Swe1 (Saccharo-
myces Wee1), thereby allowing the cells
to proceed through mitosis (Lew, 2003).
Aside from a protein kinase domain, no
other domain was apparent in these
proteins. Moravcevic et al. now show
that septin-associated kinases have a
C-terminal membrane-binding domain
and that membrane binding is required
for localization to the bud neck.ecember 10, 2010 ª2010 Elsevier Inc. 865
